Introduction
Spirocyclic compounds have attracted much attention in medicinal chemistry. Spirocyclic cores are widespread among natural compounds and have been named among privileged motifs for drug discovery. 1, 2 On the other hand, fluorine atom introduction into the biologically active molecules has been considered as a very useful tool in both medicinal and agrochemistry for many years. [3] [4] [5] It is not Recent advances in synthetic and medicinal chemistry of saturated spirocyclic nitrogen-containing heterocycles with gem-difluorocycloalkane moieties are surveyed, including results published in the last decade. In particular, gem-difluoro-substituted derivatives of azaspiro [2. n]alkanes, azaspiro [3. n]alkanes, azaspiro [4.5] decane, and other spirocyclic scaffolds are discussed.
Although numerous methods for the synthesis of gemdifluorocyclopropanes are known, the first examples of their spirocyclic derivatives based on cyclic aliphatic amines were described recently. Synthesis of these compounds relied on the difluorocyclopropanation of alkenes 1 having an exocyclic double bond in the presence of CF 3 SiMe 3 -NaI system. 6, 7 Azetidine, pyrrolidine, piperidine, and azepane derivatives of general formula 2 were prepared using this method. A few examples of the application of these building blocks in medicinal chemistry were (Kyiv, Ukraine) as a consulting scientist. His scientific interests include modern methods in organic synthesis, molecular rigidity concept, leadoriented synthesis, chemistry of amino acids, diamines and related compounds, bioorganic and medicinal chemistry. He is a coauthor of more than 115 papers and 2 monograph chapters.
Azaspiro[2.n]alkanes
described. Unfortunately, the corresponding derivatives lacked sufficient biological activity. 8, 9 Published in Khimiya Geterotsiklicheskikh Soedinenii, 2019, 55 (8) [4.5] decane derivatives. Two principal approaches can be encountered in the literature for the synthesis of these compounds. One of them is based on deoxofluorination of the corresponding spirocyclic ketones 10 and 12. The resulting compounds 11 and 13 were used for the preparation of p38α mitogen-activated protein kinase, 14, 15 β-site APP-cleaving enzyme 1 (BACE1), 16 and hepatitis C virus replication 13 inhibitors, respectively. Another approach commenced from the corresponding 4,4-difluorocyclohexyl-substituted derivatives. In particular, dispirocyclic derivative 17 was obtained via three-component reaction of indoline 14, chiral morpholinone 15, and 4,4-difluorocyclohexanone (16) . 17 Compound 17 was evaluated as a murine double minute 2 (MDM2) inhibitor, but it was found to be less potent than the corresponding non-fluorinated analog.
Recently, Xu and coworkers reported photoredox-induced intramolecular 1,5-hydrogen transfer reaction of 4,4-difluorocyclohexanecarboxamide 18, leading to the formation of azaspiro [4.5] decane derivative 22. 18 The proposed reaction mechanism included formation of radical intermediates 19-21. the corresponding ketones 3, 6 with morpholinosulfur trifluoride (Morf-DAST) through protected amines 4, 7.
10
Derivatives of the resulting compound 8 were evaluated as negative allosteric modulators of muscarinic acetylcholine receptor subtype 5 11 and metabotropic glutamate receptor subtype 2. 12 In both cases, the compounds lacked sufficient biological activity. 2,2-Difluoroazaspiro[3.4]octane derivative 9 was studied as hepatitis C virus replication inhibitor 13 and demonstrated very high potency. The construction of the 2,2-difluoroazaspiro[3.4]octane core was not documented by authors of the paper.
